Abstract. Introduced the basic principle of synchronous rectification in low voltage high current fields. Using digital control's feature in switch power, a design scheme of SR digital Buck converter was put forward and analyzed the device choice. Designed all the circuit of the converter, designed and made a prototype. The experiment data were given including driving waveform and efficiency curve. One-cycle control strategy was made. To extend the using fields of the prototype, designed the intelligence communication interface. By means of experiment, the power supply has fast dynamic response and high precision and its efficiency can reach up to 95%.
Introduction
As demand of power management of electronic devices become increasingly, the research of digital power supply become more and more popular. Digital power technology was a new power technology that use digital means to control, protect and communicate for power supply itself. Programmable, excellent response characteristics and digital loop control were its advantages and features. Digital power considerably reduced the common errors, temperature effects, nonlinear not easily compensated, drift and other issues in analog power, and improved the adaptability and flexibility of supply, and had stable control parameters.
Meanwhile, with the supply voltage of the core components such as CPU etc. become lower and lower, improvement of integration and density of the power supply system has become a hot topic. Synchronous rectified buck converter was mainly used in the power supply modules of high power density and low voltage high current and integrated power supply. Buck circuit topology and its derivative topology were used in the low voltage and high current power supply module of 12V and below. And the topology of the main circuit have generally chose transformerless structure to improve efficiency in the power supply system of Non-isolated [1] .
The basic principle of synchronous rectification technique was using power MOS as a rectifier to substitute the schottky diodes. And the driving signal of main switch and synchronous rectifier were maintained complementary. Power MOS was characterized by low-resistance, short switching times and high input impedance. Currently the lowest on-resistance of power MOS for synchronous rectification can be 5mΩ or less. So as to meet the high efficiency requirements of the low voltage and high current power converter.
In this paper, buck converter was researched. A new scheme of high efficiency, high performance digital switching power based on STM32 was proposed in this paper. The switching power prototype with 1.5~2.5V output voltage and 10 A output current was build. This prototype implemented the functions of high-precision digital PWM output, digital PI control, synchronous rectification drive and human computer interface, and its external circuit was simple and the system was stable and reliable, while using a single-cycle control to improve the dynamic regulation performance of the converter.
System Structure
The system structure was shown in figure 1. It used STM32 as the main control device, with synchronous rectification control and external drive circuit and voltage/current detection circuit. MOSFET's drive signal was provided by the PWM wave which was produced by the PWM module in STM32 chip. It sampled input voltage, current and output voltage, current through the on-chip 12-bit ADC, and can be achieved regulated output by adjust the PWM duty cycle through digital PI algorithm. Also the communication port can communicated with the other devices, and the power supply parameters can be set according to the system requirements [2] . Figure 1 shows that digital power is no longer use the analog error comparator as compensation loop, but directly construct a digital compensation loop by digital control algorithm. STM32 has the advantages of flexible control and rapid response, and the frequency is up to 72 MHz that can realize digital PI control and the complex algorithm [3] . In order to improve the dynamic performance of synchronous rectification Buck converter, nonlinear control strategy was researched and applied continuously. One cycle control is an excellent nonlinear control strategy that developed in recent years. When the input voltage fluctuate, PWM control converter based on the control strategy can adjust the duty cycle in a switch cycle, so can keep the output stable. It has the advantages of fast dynamic response and good robustness, therefore this system use one cycle control strategy to improve dynamic performance of the system [4, 5] .
Device Selection

MOS Selection
In synchronous rectifier circuit, the major loss of the switch MOS is switch loss P SW and the major loss of the rectifier is conduction loss P CON . There are two main parameters in power MOSFET, On-Resistance R DS and gate charge Q g . The conduction losses are decided by the former and the switch losses is decided by the latter. Conduction loss and switching loss expression is given below: 
(2) P CON : conduction losses P SW : switching losses Q gd : drain-source charge Q gs1: gate-source charge I g : gate-drive current In this design, the international rectifier company's IRF7832 is chosen as the switch MOS, and its total charge is only 30 nC; the international rectifier company's IRF2804 is chosen as the rectifier MOS, and its On-Resistance is only 2  m .
Driver IC
The driver IC is TI's synchronous MOSFET driver LM27222. The LM27222 is a dual N-channel MOSFET driver designed to drive MOSFETs in push-pull configurations as typically used in synchronous buck. The peak sourcing and sinking current for each driver of the LM27222 is about 3A and 4.5Amps. The maximum input voltage is 30V in Buck. The dead time is 10ns. Adaptive shoot-through protection prevents damaging and efficiency reducing shoot-through currents, thus ensuring a robust design capable of being used with nearly any MOSFET [6] .
Filter Inductor, Capacitor
The formula of the output inductance:
In this system f clk is 86K, Ripple current is 2.5A that is chosen 25% of the maximum of the output current. Put them into the above formula, L out is 7.7 uH , so actual use 10 uH inductance, and it is made of sendust magnetic rings by bifilar winding to further reduce the distribution parameters.
(4) The ripple voltage is 20 mV that is 1% of the output voltage, the output capacitance is 181 uF by calculating, so actual use 220 uF , and it is composed of high frequency electrolytic capacitor and a variety of small capacity ceramics capacitors in parallel to improve the effect of filtering.
Voltage and Current Sensors
Because both input and output voltage is lower, using high precision resistor divider to measure the voltage can obtain higher accuracy. Using the integrated hall current sensor ACS712 for current measurement, this scheme can get high precision, low consumption and the circuit is simple.
Test Results
The drive signal waveform of SR MOS is shown in Figure 2 . In this waveform, the input voltage is 12V, output voltage is 2V, and output current is 10A. The efficiency curve is shown in Figure 3 . In this curve, the input voltage is 12V, output voltage is 2V, and output current is range 1A ~ 10A. 
Conclusions
A synchronous rectification digital switching power based on buck is designed with STM32 series of microprocessor. The main parameter of the design is detailed discussed in this paper. The prototype is made and the experiment data shows: this prototype has fast dynamic response, high intellectualized, reliable protective, high efficiency.
